These beautifully written pieces reflected his wide range of interests, covering subjects such as nuclear power, non-proliferation of nuclear weapons, environmental issues, the decline of UK research, art appreciation and penal reform. often they displayed his keen eye for curious facts and the ironies and vagaries of life.
qualifications. Emily Prosser had won a scholarship to risca Grammar school but left at the age of 16 years, becoming a housemaid to help support her family. in time-honoured welsh working-class fashion, it seems that the stifled dreams of the couple made them determined to see that Jack and his younger brother, rex, made the most of whatever educational opportunities came their way.
Jack's maternal grandfather was a miners' union activist in the 1920s and 1930s, a one-time chairman of Monmouthshire County Council and a friend of aneurin Bevan's. his uncle dan was an election agent for neil Kinnock. with this family background it is not surprising that Jack remained a loyal member of the Labour Party from his twenties onwards.
The early years at nutfield were austere: there was no electricity in the house and water was drawn from a well. inevitably, pleasures were simple and home-made. Jack was always a daredevil: rex (seven years younger) tells how, during the great freeze of 1947, they careered down a steep hillside on a sledge made from corrugated iron, only stopping when they hit a deep snowdrift. Throughout his life, Jack remained a beacon and an inspiration for rex, who followed Jack to study metallurgy at Birmingham. Jack and rex went on to become the first brothers to be elected Fellows of the royal academy of Engineering.
EduCatIon
Jack had his primary education at the rock school at Lanvaches village. with consistent support from their mother, both Jack and rex won places at Larkfield Grammar school in Chepstow, eight miles away. at Larkfield, Jack was a keen sprinter and captain of rugby; he retained a wiry frame all his life. a notable source of inspiration was Mr Ball, who taught mathematics. always good at writing, Jack later said that he considered studying English at university but felt that the sciences offered a safer route to a good income. Jack maintained a strong affection for Larkfield all his life and was a founder member of the 'old boys' association (the class of 1944), helping to organize the annual reunions.
From Larkfield Jack went to the University of Birmingham to study metallurgy. he always maintained that he took metallurgy because he was turned down for chemistry, but the truth of this is difficult to gauge: it would be typical of him if this were simply one of his many self-deprecating stories. Even with a full scholarship it was necessary to count the pennies and so Jack's mother sent him off to Birmingham with some of his father's shirts and socks. at Birmingham he took the industrial metallurgy option, graduating in 1953 with an uppersecond-class honours degree. Extracurricular activities at Birmingham included playing for Birmingham welsh rugby Football Club-though he maintained he was only selected on account of his strong welsh accent! other interests were the welsh society and, especially, the Birmingham University Metallurgical society (BUMs).
Graduation was followed by three years of research under dr Voya Kondic, also at Birmingham, leading to his Phd thesis 'The formation of graphite in cast iron'. at the time there was considerable uncertainty about the mechanism of formation of graphite in cast iron: did it, for instance, form directly from the melt or did it result from the decomposition of cementite (iron carbide)? Using a range of techniques, Jack was able to show that, around the eutectic temperature, (i) cementite is metastable with respect to graphite, (ii) the reaction time is relatively short (compared with the time taken for an air-cooled melt to solidify) and (iii) the resulting structures are similar to those found in grey cast irons. nevertheless, showing caution, he hesitated to unambiguously attribute the graphite seen in grey cast iron to the decomposition of cementite (1)*.
in the second year of his Phd studies (1954/55), Jack chaired the BUMs. it was also in Birmingham that he met his wife-to-be, ann Foote, a nurse at the Queen Elizabeth hospital. They married in 1956.
aEI-John thompson ConsortIum, 1956-59 Leaving Birmingham in 1956, Jack joined the aEi-John Thompson consortium (also known as British Thomson-houston or BTh) in rugby. This work exempted him from national service. BTh had submitted a tender to build the reactors for the new Berkeley (Magnox) nuclear power station, and Jack was employed to develop alloys with suitable corrosion and mechanical properties for use in these and later reactors. The materials studied all had low cross-sections for thermal neutrons. They included graphite for use in structural components and as a moderator; also investigated were potential cladding and structural materials based on beryllium and various magnesium and zirconium alloys. Patents were filed for some magnesium and zirconium alloys that subsequently found application both in the UK and in France, and a paper describing the work was presented to the second international Conference on the Peaceful Uses of atomic Energy (2).
CEntral ElECtrICIty gEnEratIng Board and sECondmEnt to shEFFIEld unIvErsIty, 1959-60 with new nuclear power stations under construction, the Central Electricity Generating Board (CEGB) was seeking to establish itself as an 'informed customer' in nuclear matters by creating a new research facility-Berkeley nuclear Laboratories (BnL). The laboratories were located immediately adjacent to Berkeley Power station on the severn estuary in Gloucestershire. with BnL still being built, professional research staff members (known as research officers) were recruited and then seconded to various institutions until BnL was ready to take them. so it was that Jack arrived at the University of sheffield to solve a problem that had strong links to his Phd thesis. it had been suggested that, held at elevated temperatures for an extended period, the carbon steel pressure vessels that enclosed the Magnox reactors would graphitize; in other words, cementite would decompose to iron and graphite in the form of nodules. in this reaction the graphite nodules represent an additional volume that must somehow be accommodated. working with John whiteman and arthur Quarrell (3, 8) , Jack was able to show that graphitization was controlled by the diffusion of carbon through the iron (ferrite) matrix. This was a surprising result. it had been supposed that, to accommodate the volume increase, it was necessary for iron to diffuse away from (or, equivalently, for vacancies to diffuse towards) the nodules. Because iron self-diffusion was very much slower than the diffusion of carbon, this should have been the rate-controlling process. in fact, Jack and his co-workers showed that the volume increase was accommodated by plastic deformation of the matrix surrounding the nodules. This study marked the beginning of a lifelong interest in vacancies and vacancy movement.
rEsEarCh oFFICEr, CEgB Bnl, 1960-65
Magnesium has a low cross-section for thermal neutrons and, following the design of the Calder hall and Chapelcross reactors, magnesium alloys were used for fuel cladding and fuel element components in the new CEGB Magnox reactors. Under the leadership of Geoffrey Greenwood and in collaboration with r. B. ('Barry') Jones, Jack now started to investigate the mechanical properties of pure magnesium, the solid-solution alloy Magnox aL80 (Mg/0.8%al/0.15%Be), which was used for fuel cladding, and the two-phase alloy Zr55 (Mg/0.55%Zr), which was used for other Magnox fuel element components that needed higher strength.
Creep fracture
Early work focused on an examination of previously crept specimens of aL80 by optical metallography and transmission electron microscopy-one of the first investigations of creep by this technique (4, 5) . The work showed that deformation occurred along primary and secondary slip systems and that, at late stages, small new grains were formed by recrystallization along grain boundaries. This was surprising given that recrystallization would usually lead to an increase in ductility, whereas in fact the tests were performed in a region where magnesium exhibited a minimum in ductility. additional creep strain caused these small grains to rotate; the proffered explanation was that this probably caused the nucleation of creep voids and eventual failure. This work led on to further investigations into creep cavitation and failure. Early operation of the Magnox reactors at Calder hall had produced many failures of fuel cans in stack positions at which temperatures were relatively low (180-300 °C). These failures were caused by creep cavitation in cans with large grain sizes. operationally, this could be overcome by preferentially loading finer-grained cans into the vulnerable positions, but there was a fear that this could constitute a major problem for the later CEGB Magnox stations. Consequently, the attention of many researchers was focused on this issue. Jack began by examining creep cavities metallographically and, by avoiding the use of chemical reagents during specimen preparation, was able to show that they were far more angular than was normally supposed (6) . in many cases the cavities, which were invariably located on grain boundaries, were associated with inclusions, suggesting that second-phase particles may have been a preferred site for cavity nucleation. other authors had postulated that creep voids were nucleated at grain boundary triple points or by grain boundary sliding at ledges or intersections with subgrain boundaries. Jack first demonstrated that triple-point cracking was essentially a high-stress phenomenon and characterized the nucleation at lower stresses in terms of two competing processes: creation of the cavity by grain boundary sliding at a discontinuity and closure of the void by sintering. he was able to demonstrate that, in general, grain boundary particles were needed if cavity growth rates were to be high enough to overcome sintering. Further, in commercial magnesium and Magnox aL80, at least, there were easily enough grain boundary particles of adequate size to nucleate creep cavities at the observed frequencies (9) . Jack turned next to the more contentious issue of creep cavity growth. Two theories had been proposed. The first, due to hull & rimmer (1959) , was that cavities are enlarged by the stress-driven diffusion of vacancies; the second was more qualitative, proposing that grain boundary sliding was responsible. Jack, a convinced supporter of the vacancy flow theory, had previously modified the hull-rimmer equation to allow for sintering (9) , and his derived expression was broadly confirmed by a more detailed analysis (10) done in collaboration with Malcolm speight. This equation was used for some years for analysing creep rupture data. he was aware, of course, of the inconsistency between his preference for void growth based on vacancy flow and his earlier observation that creep cavities were often angular. in his view, however, this was preferable to the promotion of a mechanism that could not be tested quantitatively. Later, Jack realized that the enlargement of voids by vacancy diffusion would itself produce creep strains, a mechanism that he called hull-rimmer creep (14, 15) .
Irradiation-induced embrittlement
Vernon Eldred showed in 1964 (Eldred 1964 ) that Magnox aL80 suffered a threefold decrease in creep ductility after in-reactor irradiation. Jack considered that this was caused by the formation on grain boundaries of gas bubbles that acted as nucleation sites for creep cavities. in collaboration with Gerald Gibbs (11), Jack considered three possible mechanisms: the formation of helium by an n,α reaction with lithium, which is present as an impurity; the implantation of fission fragments; and the fission of plutonium that had previously diffused into the can. it was found that all three mechanisms could produce sufficient gas, but the first was concluded to be the most likely in Magnox aL80 because the other two were only able to implant gas at shallow depths.
in the magnesium alloy Zr55, however, the situation was different. here, trial irradiations in the Calder hall and Chapelcross reactors had shown that plutonium diffused much more rapidly than in aL80. Jack pointed out that this could cause embrittlement of the cladding, with the result that in French gas-cooled reactor fuel, which is clad with Zr55, it was found necessary to coat the uranium with a graphite diffusion barrier.
Creep and creep mechanisms in magnesium and Magnox AL80
when Jack first came to consider the creep of magnesium and Magnox aL80 in 1960, the decision to use Magnox aL80 as the cladding alloy in the UK civil Magnox reactors had already been taken and a significant body of data had been collected by various authors at temperatures that, expressed in terms of the melting point of magnesium, were high. despite the mass of data, however, there had been no attempt to determine the underlying mechanisms-vital if data were to be extrapolated reliably.
in collaboration with Barry Jones, Jack began by performing creep tests on commercially pure magnesium and found that, as long as creep rates were less than about 10 −6 per second, deformation occurred by slip on the basal plane and the conventional form of stress and temperature dependence (and, unusually, a dependence on grain size) were observed, so that the creep rate could be expressed by an equation of the form
where σ, d and T are stress, grain size and absolute temperature, respectively, and K, n (typically 3-5) and m (0.5-0.8) are constants. R is the gas constant and Q is the thermal activation energy for creep, which in this case approximated to the activation energy for self-diffusion in magnesium. Behaviour was more complex when non-basal slip occurred but, in terms of reactor performance, these data were considerably less relevant.
similar creep experiments were then performed on Magnox aL80 after pretreatment of the metal to produce a range of grain sizes. The measured creep rates, together with the larger body of commercial creep test data, were combined and analysed in terms of stress, temperature and grain size and produced three different equations corresponding to three stress regimes. Two of these equations, in the two highest stress ranges, followed the conventional form as expressed in the equation above, but at the lowest stresses (less than 0.55 MPa) there was strong evidence (7) for nabarro-herring (n-h) creep (nabarro 1948; herring 1950), which had a linear stress dependence and a strong inverse dependence on grain size:
where B is a constant roughly equal to 10, D is the self-diffusion coefficient, Ω is atomic volume and k is the Boltzmann constant. This was the first time this type of creep had been seen in an ordinary polycrystalline material and was of particular importance to in-reactor fuel performance because, for instance, the extrapolation of the higher-stress data to calculate low-stress creep rates would produce significant underestimates.
Mechanical properties of ZR55
The magnesium alloy Zr55 started out as a solid solution, but when heated in a humid environment the zirconium reacted with water to form a fine dispersion of zirconium hydride precipitates that imparted considerable additional strength to the material. The work of squires, weiner and Phillips (squires et al. 1963) had shown that the metal grains in Zr55 creep specimens exhibited zones that were denuded of hydride precipitates along grain boundaries lying normal to the applied tensile stress (see, for example, figure 1). a similar observation of stress-oriented denuded zones was also made on a magnesium-manganese alloy component from one of the Magnox reactors at Bradwell (haddrell 1966). This effect, it was suggested, was evidence for n-h creep in which vacancies flow away from (or, equivalently, metal atoms flow to) grain boundaries normal to the tensile stress. The denuded zones were formed because the hydride precipitates acted as immobile markers. at the same time, grain boundaries lying parallel to the tensile stress accumulated precipitates as magnesium atoms were removed (or, equivalently, vacancies were annihilated there) (figure 2).
working with Barry Jones, Jack demonstrated (7) that the creep rates and creep strains were reasonably consistent with (if rather lower than) those predicted by the n-h equation. More controversially, it was suggested that, because the hydride precipitates simply acted as immobile markers, they should have no strengthening effect on Zr55 when n-h creep was the dominant mechanism. indeed, because the precipitates helped to maintain a fine grain size, they should have led to a weakening of the material. subsequently, this conclusion was reversed when it was found that, even when n-h creep was evidenced by denuded zones, the creep rates could be orders of magnitude lower than predicted by the n-h equation. This, it was suggested, was caused by the accumulation of precipitates in grain boundaries parallel to the tensile stress, which prevented them from acting as effective vacancy sinks. By the time Jack took over the BnL Post-irradiation Examination (PiE) section in 1965, 14 Magnox reactors with a total capacity of 3.3 Gw were already on stream. a Magnox fuel element consisted of a metallic uranium bar surrounded by a Magnox aL80 'can' or cladding. The operating temperature of Magnox cladding was high-up to 80% of its melting point (when expressed in kelvins)-so that the aL80 formed a soft, ductile protective cover for the uranium fuel. Fuel elements were stacked vertically inside channels in the graphite core through which coolant passed from bottom to top. in most reactors, each fuel element supported the weight of those above it; in the upper parts of the fuel channel (where the temperature was higher and the cladding was therefore correspondingly weaker) most of this weight was borne by the uranium bar. The original fuel design for the civil reactors envisaged that, when the average irradiation of a fuel channel reached 3.0 Gw d t −1 *, the fuel in that channel would be removed and replaced (12). This limit, sometimes known as the target irradiation level, was imposed not by a lack of reactivity but by the endurance of the fuel, which was controlled by three main phenomena occurring in the uranium bar, namely swelling, growth and irradiation creep. swelling was produced by the deposition of solid and gaseous fission products after fission. Growth occurred as a result of the preferential condensation of interstitial atoms (produced by fission spikes) into loops on certain crystal planes. Because of the bar's preferred crystal orientation, growth was manifested as a lengthening of the bar. irradiation creep was also a consequence of growth resulting from the build-up of internal stress. all three phenomena were sensitive to temperature and fuel rating; that is, the heat output or fission rate.
The outcome was that fuel elements at the top of the channel tended to lengthen as a result of swelling, whereas those at the bottom shortened as a result of creep. all elements suffered an increase in diameter that amounted to about 1% at an irradiation level of 5 Gw d t −1 . This could be easily accommodated by the cladding but, beyond 5 Gw d t −1 , swelling increased much more rapidly, which allowed the possibility of fuel failures (13) . recognizing that fuel elements in the mid-channel position had higher irradiation levels than those at the ends, the need to keep all the fuel elements below 5 Gw d t −1 was the main factor in setting the target channel mean irradiation at 3.0 Gw d t −1 . Through an understanding of the mechanisms and close attention to details such as the influence of preferred orientation in the uranium bar, the avoidance of largegrained regions in the cladding and the effect of the rather larger expansions seen at the ends of bars, the limit on mean channel irradiation was progressively increased from the initial level of 
Oxidation, an expanding business
Magnox fuel cladding had an external heat transfer surface consisting of helical fins ( figure 3) . discharge of fuel from dungeness 'a' in 1967 revealed that the helical fins could be distorted to such an extent that their heat transfer performance was impaired-a phenomenon that * 'Channel mean irradiation' is the term used to describe the average amount of heat produced per tonne of uranium metal over the whole of a fuel channel, noting that this will be higher in the middle of the channel than at the ends because of the variation in neutron flux. The unusual units, Gw d t −1 , may be thought of as the average power output of a reactor fuel channel per tonne of uranium metal (gigawatts per tonne or Gw t −1 ) multiplied by the number of days (d) over which this was sustained-hence Gw d t −1 .
came to be known as fin waving. it was known that such effects could be produced by length changes and twisting of the fuel element (resulting from the growth of a uranium bar with helical texture combined, perhaps, with torsional forces due to gas flow) but these new observations were significantly greater than anything seen previously. The cause was eventually traced to 'oxide stretching'-a lengthening of the metal substrate caused by stresses generated in the growing corrosion product. This lengthening was reproduced in the laboratory by exposing, at 500 °C, thin strip specimens of aL80 to carbon dioxide containing various impurities, of which water and ethylene seemed to be the most effective (13) . in contrast, when the magnesium strip was oxidized at high temperature in air, this produced a contraction of the metal; Jack suggested that this was a consequence of vacancy injection caused by atoms diffusing outwards through the oxide scale (17). Fin waving forced the CEGB to decrease the outlet temperatures of reactor gases on some reactors by about 20 °C, with an associated loss of about 10% of the total electrical output. This measure was taken in about 1968. not long afterwards, however, rapid breakaway corrosion was discovered in mild steel bolts and washers that had been used to anchor various reactor components. where the corrosion occurred between mating faces (for example, washer to component) the additional volume created by the corrosion products caused elongation and possible failure of the bolt, a phenomenon that came to be known as 'oxide jacking'. This process caused several problems with bolted assemblies in the boilers, but other affected items included the core restraint bolts and thermocouple assemblies used to monitor the exit temperatures of fuel channel gas, both of which were essential and non-replaceable parts of the safety system. This led to a further decrease in gas outlet temperature, causing a total loss in electrical output of about 25% of the installed capacity.
at that time the CEGB headquarters were located in an unlovely building (now demolished) close to st Paul's Cathedral. walking to a meeting one day, Jack happened to notice that some of the cast-iron railings around the cathedral (figure 4) had been broken in a similar manner to the bolts in Magnox reactors. rust had built up in a gap between two iron components and, as the rust formed, the components were forced apart, causing brittle failure. Typically, this set him off looking for further examples, of which, it turned out, there were many. of particular interest were 'expanding rust cement' (a mixture of iron filings and sal ammoniac) invented to seal the joints between the cast-iron roof sections of the British Museum reading room and the damage wrought by the rusting of iron clamps used to hold together masonry, not least in buildings on the acropolis and some UK cathedrals. Much of this work was published in the magazine Endeavour (18) and led to his becoming an honorary adviser in relation to repairs to st Paul's Cathedral (1979) and Gloucester Cathedral (23) towards matters of policy. in this context he did background research for a working party looking at the options for the next generation of thermal reactors. along with Kay simpson, in about 1975 he also wrote an internal paper advocating the greater involvement of the CEGB in research on reprocessing and waste management-an extension of the 'informed customer' approach to the back end of the fuel cycle.
Question of reprocessing
From the earliest days, Magnox fuel was always reprocessed after irradiation, not least (one presumes) because of the perceived value of the plutonium it contained and the expectation that fast breeder reactors, which use plutonium, would soon be significant contributors to electricity generation. The intention to reprocess the Magnox fuel within a few months of discharge allowed it to be stored in water-filled reactor ponds in the interim, even though it was susceptible to corrosion under these conditions. oxide fuel from the advanced gascooled reactors (aGrs) was also discharged to water, but here the stainless steel fuel cladding was much more resistant to corrosion. when BnFL proposed the creation of a thermal oxide reprocessing plant (ThorP) at sellafield, a public inquiry was instituted that ran from June to november 1977. Jack opposed oxide reprocessing on the grounds that (i) it was extraordinarily expensive and hopelessly uneconomic as a provider of plutonium to recycle back through thermal reactors or as a waste-conditioning process, (ii) it made sense only when there was a real need to fuel fast reactors, and (iii) there was considerable uncertainty about the realization of a fast reactor programme and, in any event, reprocessing of Magnox fuel would have provided all our possible plutonium requirements for at least the first 20 years of a fast reactor programme. Collaborating with roger nunn, Jack wrote and circulated an internal memorandum propounding these views in october 1977. To the CEGB top management, which was defending ThorP at the public inquiry, Jack's intervention was unwelcome to say the least and he was told to instruct the recipients to return their copies of the memorandum unread (27)! Jack told me that he was threatened with dismissal should he persist. The public inquiry eventually found in favour of ThorP and in 1994 it was commissioned. The outcome of this policy is that the UK now has about 100 tonnes of plutonium and no substantial means of using it. a decision on its future, as a strategic asset or a radioactive waste, is awaited.
Dry storage of fuel
Mainly because of the known problem of in-pond corrosion of fuel, the final Magnox station, wylfa (commissioned in 1971), had a dry fuel store incorporated into the design. at the same time, as new stations came on stream and the amount of fuel needing to be reprocessed increased, it became evident that the Magnox reprocessing plant was incapable of keeping pace with fuel discharges. as a result, fuel was being pond-stored for longer and activity levels in the pond water were becoming a serious concern. The lack of storage capacity caused at least one major reactor shutdown and was an important driver for increases in fuel target irradiations. after the decision on ThorP, Jack advocated policies within the CEGB that sought to create more dry storage facilities for both metallic (that is, Magnox) and oxide fuel. The intention was that this would have allowed short-term or long-term storage of fuel in the event of delays in reprocessing and, ultimately, could be used as a lever in the negotiations with BnFL over reprocessing contracts. although designs were developed, no new stores were ever actually built. Meanwhile, ThorP has run into a series of technical problems, causing stoppages and poor productivity. it is expected to close before all the existing UK aGr oxide fuel has been discharged. a deep repository for the disposal of spent fuel and other long-lived wastes will not materialize before 2040, so it looks as though long-term storage of spent oxide fuel in the UK will be needed after all.
unIvErsIty lIaIson managEr, 1989-90
The preparations for the privatization of electricity generation in 1988-89 led to a greater focus on cost savings and efficiencies and increased scrutiny of 'cost centres' such as the research division. Consequently, the freedom to pursue interesting ideas for their own sake became progressively more constrained. Jack moved out of line management to act as University Liaison Manager, discussing and setting up university-based research projects. in 1990 he took early retirement from nuclear Electric, which had taken over all the nuclear power stations, and became a visiting professor of nuclear engineering at the University of Manchester, a visiting professor of corrosion at the University of Manchester institute of science and Technology, and a visiting professor of manufacturing and materials at the University of Plymouth.
othEr aCtIvItIEs

Popular science writing, 1981-2009
The year 1981 was the centenary of electricity supply in the UK, and Jack wrote several commemorative articles for non-specialist audiences (see (19, 21) for example). he evidently enjoyed this activity because in the following 28 years he published hundreds of items in publications such as New Scientist (1981-94), Physics World, Science and Public Affairs (2001-05), The Guardian and, most notably, Materials World, the journal of his 'home' institute of Materials, Mining and Minerals; his 'Material matters' column ran in that journal from 1992 until his death. The subjects reflected his wide range of interests, including nuclear power, nuclear weapons, mechanical effects of oxidation, climate change, the decline of UK research, development and manufacturing, brief biographies of famous scientists, art appreciation, and penal reform. Two articles published in december 1995 and January 1996 described a visit he made to Chernobyl nine years after the catastrophe (figure 5).
his pieces were greatly aided by natural curiosity, avid reading and his acquisition of a large book collection. often the title was eye-catching such as 'an element of fear' (on plutonium, the 'weirdest, most fascinating and most frightening element in the periodic table') (31), 'The madness of George ii?' (on the futility of missile defence policy under George w. Bush) (29) and 'Poetry, painting and pollution' (30) (musings on a Turner, Monet and whistler exhibition at the Tate Gallery that depicted nineteenth-century atmospheric pollution). with his eye for curious facts, Jack noted in the course of this last essay that, although acid rain was now dissolving the stone of st Paul's Cathedral, this was no more than poetic justice because it had been paid for by a tax on sea coal imported into the City of London. Jack could always turn out a memorable phrase when needed, such as 'nuclear power has gone from the squash court to the law court in thirty-five years', 'weapons of mass deception' or (with reference to the widely admired Flowers report of 1976 on environmental pollution) 'erudite without being wise'. shortly before his death he was intending to collect his writings into a book. one hopes that this will be realized.
Editor, interdisciplinary science reviews, 1996-2001
Interdisciplinary Science Reviews (ISR) is a quarterly journal published by the institute of Materials, Mining and Minerals that contains, as the title suggests, papers encompassing a range of scientific specialisms. on the retirement of the founding editor, Jack, with his wide range of interests and writing ability, was a natural successor. he published his first editorial in september 1996 under the title 'antarctic research and the Earth's environment'. Typically, this ranged between icy imaginings in literature, depletion of the ozone layer, reconstruction of ancient atmospheric Co 2 levels from ice-core data and the possible consequences of climate change for humans. an ISR editorial could be sharp but not necessarily short-some of them could stretch to 5000 words-and this gave Jack the opportunity to expand on some of his interests. Many of the editorials were a joy to read. 'Bernal's Picasso' (28), for instance, Figure 5 . Jack standing in front of the destroyed reactor-the so-called 'shelter object'-at Chernobyl in 1995.
(Photograph reproduced with the permission of the harris family.) (online version in colour.) combined a brief life of desmond Bernal with the story of a mural, originally drawn by Picasso on the wall of Bernal's flat in Torrington square in London, and his part in the ultimately successful campaign to prevent the institute of Contemporary arts from selling it. Constant themes through these editorials were the preservation of the global environment, the need to prevent the spread of nuclear weapons, and the interplays between art, life and technology. an example of the last was 'art and the electric light' (25), which traced both the depiction of electrical fittings in art and the stimulus to the wider availability of electric lighting that came from its use in art galleries and theatres at the end of the nineteenth century.
Metals and the royal society Jack was always ready to promote metallurgy and was an active member of the Metals society and its successors, serving on many committees and editorial boards. his book Metals and the Royal Society (co-authored with david west) presents a wide-ranging history of (mostly British) metallurgy and its connection to the royal society (26). More importantly, perhaps, it allowed Jack to give an insider view of the first 50 years of the British nuclear power programme and the personalities that shaped it. The book describes the challenges of the early days, especially those faced by metallurgists, and the crucial role of the Metallurgy and Physics divisions at harwell and the Materials division at BnL in reaching solutions.
The book tells how the choice of gas-cooled reactors for the civil programme was largely dictated by decisions taken previously with respect to weapons production. The programme was nevertheless successful, as demonstrated by the fact that Magnox reactors were sold to Japan and italy, and even today continue to make a significant contribution to electricity production in the UK. Then, in 1965, came 'the big mistake'-the choice of an 'entirely unproven' aGr as the reactor type to follow the Magnox stations. 'Even when every benefit of hindsight is taken into account … the choice of an aGr for dungeness B … remain [s] bizarre.' By 1974 the CEGB had realized its mistake and opted for light-water reactors but, compounding the earlier error, the government insisted on an updated aGr design. Eventually, of course, the CEGB did get its pressurized water reactor (Pwr) in the form of sizewell 'B' (commissioned in 1995), but any hope of constructing a fleet of Pwrs that would provide power into the twenty-first century was destroyed by privatization and, in particular, by the much greater returns on capital required by the private sector. There followed the 'dash for gas', which hastened the demise of the indigenous coal industry and the depletion of Britain's gas reserves. This change was not based on any economic case but rather was brought about by the determination of the former electricity distribution companies-previously 'under the shadow of the all-powerful CEGB'-to have their own independent generating capacity. This resulted in a 'huge over-capacity in generating plant'-'nearly 60% by the late 1990s compared to the usual "safe" level of 20%'. There are shades here of the duplication and lack of coordination of the prewar electricity industry.
Taking up a theme that is repeated several times in his popular writings, Jack described the destruction of the CEGB research division as one of the unintended consequences of privatization. soon after the CEGB was broken up, the laboratories at Leatherhead-'the jewel in the CEGB's crown'-and Marchwood were closed entirely. Berkeley nuclear Laboratories lived on as Berkeley Centre but was no longer a powerhouse of fundamental research. so, according to Jack, the UK's position as a leader in the field of materials research could become a casualty-collateral damage perhaps-of privatization.
Pugwash
Jack's support for the peaceful use of nuclear power did not prevent him from abhorringindeed, one might even say it compelled him to abhor-the use of nuclear energy for nonpeaceful ends. This led him to join the British arm of the Pugwash Conferences on science and world affairs, the international group of scientists working towards a nuclear-weapon-free world and the responsible use of science, which, together with sir Joseph rotblat Frs-one of its founders, secretaries General and Presidents-was awarded the nobel Peace Prize in 1995. he participated in many Pugwash workshops and annual conferences, including the one in 1995 at hiroshima, held on the 50th anniversary of the dropping of the atomic bomb on that city.
he played an active part in a 1998 Pugwash workshop on the pros and cons of nuclear energy and contributed two chapters to the resulting book (hill et al. 1999) . also in 1998 he was a member of a small study group that met in Moscow to discuss the future of russia's atomic cities (24). he served on the executive of the British Pugwash Group for many years and was its vice-chairman from 2002 until 2008. in 2001 he was asked to succeed George rathjens as secretary General of international Pugwash but reluctantly declined, fearing that his health would not stand up to the constant travel. More recently he took a leading role in the production of a Pugwash report on the future of the UK's stock of plutonium, championing what was called the 'Bury it' option (32).
Prison work
Through his membership of the Labour Party, Jack was a member and sometime chairman (1973-74) of the Board of Visitors at Leyhill open Prison, Gloucestershire, and a member of the Local review Committee of the Parole Board. in 1973, Jack was invited to join the weiler working party to review adjudication procedures in prisons. at that time, when a prisoner committed an offence in prison that was too serious to be dealt with by the governor himself, the prisoner appeared before an adjudication panel of the Board of Visitors. one issue considered by the weiler Committee was whether the prisoner should receive representation. Jack argued that a poorly educated prisoner, faced with a bench of up to five people, in the presence of the governor and flanked by prison officers, was not in a good position to defend himself. Unsurprisingly, 'conviction' rates in these adjudications could be as high as 98%. however, the majority of the committee were not persuaded of the case for prisoner representation. it was pointed out that bringing in representation from outside would result in delays to the process, while asking a member of the staff to represent a prisoner could lead to tensions within the prison. Jack understood these problems and, as an alternative, suggested that a member of the Board of Visitors be nominated to assist a prisoner with the preparation and presentation of his case. This idea was also rejected, but Jack prepared a note of dissent to the weiler report, outlining his case for the appointment of a 'prisoner's friend' from the Board of Visitors (home office 1975).
There the matter rested for several years, but Jack's proposal was not completely ignored. Three researchers from the home office research Unit proposed a pilot study in which prisoners would be given assistance in adjudications. despite stiff resistance from the Prison officers' association, the pilot study eventually went ahead at Pentonville and demonstrated that in most cases prisoners benefited greatly from receiving assistance (smith et al. 1981) . nevertheless, Jack's ideas were still not implemented and he described his frustrations with the conservatism of the prison service in an article for New Society in 1982 (22) . his contribution to the debate was also discussed in an article by Peter Quinn (Quinn 1983 Tarrant, 1984) ) were prisoners finally given the right to apply for legal representation at adjudications.
The situation regarding adjudications has changed considerably since the early 1980s, although it is not clear that prisoners get a better deal. in accordance with the recommendations of the woolf report, which looked into the prison riots of 1990, Boards of Visitors were relieved of their adjudicatory role. Today, breaches of prison rules that amount to criminal offences are dealt with by the ordinary criminal courts, and less serious transgressions are handled by prison governors with limited powers of punishment. in such hearings prisoners have no automatic right to legal representation.
Jack maintained an interest in prisons throughout his life. during a trip to the Usa in 1980 he visited the Brushy Mountain Prison, Tennessee, where he thoroughly enjoyed meeting the prisoners, to whom he gave a number of talks on his wide-ranging interests. in recognition of his work there he received the award of 'honorary convict'-one of his proudest honours. pErsonal qualItIEs Jack harris was a kind man with a strong social conscience. when he felt that something was right he was not afraid to be in a minority of one-and he was dogged in defence. we see this in his intractable opposition to nuclear fuel reprocessing, his views on the Flowers report and his standing up for the unpopular cause of prisoners' rights. at the same time he was totally lacking in self-importance: in one ISR editorial he describes himself as a plebeian who prefers to eat 'furtively' at Mcdonald's or KFC rather than some expensive restaurant. in another, he tells how, sheltering from a shower of rain on Charing Cross road, he found himself sharing a doorway with the painter Francis Bacon. This was a once-in-alifetime opportunity to ask a burning question, 'why did Bacon so often include an electric light bulb in his paintings?' But Jack hesitated to speak and the moment was gone. in the right circumstances, he was convivial. he came across the artist alan Lowndes in the local pub. alan was living with his wife and three children in a small cottage and said he was looking for a studio where he could paint. Jack offered the former cheese loft at his home (which had previously been a farmhouse), and from this grew a friendship with the st ives artists including alan himself and Terry Frost. alan died in 1978 and Jack wrote an appreciation of him for The Guardian.
Jack loved to travel and was fascinated by the culture and history of india. here he played a significant part in a 1989 international conference, 'residual Life of Power Plant Equipment', and gave several lectures, notably at the Banaras hindu University in Varanasi and at institutes in delhi and hyderabad. Jack saw that plant for electricity generation in india came from many different sources, giving it a diversity that was probably greater than in any other country in the world. he felt that one could learn much from this.
as is clear from his many popular articles, Jack had a wonderful sense of humour that was quick to see (and enjoy) the petty foibles to which we are all subject, and most often the first to be singled out for this scrutiny was himself. at the point where his Who's Who entry would normally name his gentlemen's club, Jack inserted the name of his local drinking haunt: 'Cam Bowling Club (non-playing member)'. Jack was generous with his time and was always ready to encourage others, especially young scientists, to perform useful and interesting work. he died of a heart attack at home on 3 
